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-oped for use in evaluating the spatial~ and time-dependent energy deposition
in air produced by anisotropic nuclear sources.
nuclear energy deposition data generated for conical sources that were origin-
ally computed for line-beam sources through use of the ZAP, ZAPN, ZAPGAM and

This report describes the

The RENDER procedure utilizes

. DEPO codes. The energy deposition data for air that are input to RENDER were
generated for neutron and gamma-ray sources and for secondary gamma rays re-

-

OL "I L% em oawse suesisomsorete

> 4

- /

294 300

UNCLASSIFIED

SECURITY CLASSIFICATION GF THiS BAGE (When Date Frnisred)

/

$o v




UNCLASSIFIED

SECURITY CLASSIFICATION OF Ts '& ets Srewwed)

sulting from neutron capture and inelastic scattering in air. The energy
deposition data for line-beam sources and for point isotropic sources were
found to compare favorably with similar data reported in the literature.

The RENDER procedure was run utilizing energy deposition data from the conicall
source-data base for a 9-to-10-MeV gamma-ray source and the results of the
convolution over source emission direction and time were found to be in good
agreement with the input data, indicating that the RENDER procedure performs

the time-and-angle convolution correctly.

Volumes II through IV of this report present tabulated data on the time
dependent energy deposition in air versus range for neutron and gamma-ray

. point isotropic sources and for secondary gamma rays generated by point iso-

tropic neutron sources. Also given in Vol. V are curve fit coefficients for
use in computing the energy deposition in air vs distance and source emission
angle for line beam sources of neutrons and gamma rays. Coefficient data are
also given for secondary gamma-ray energy deposition by line beam neutron
sources.
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I. INTRODUCTION

This is the fifth volume of a five-volume report which presents
the results of an extensive parameter study on gamma-ray, neutron and
neutron-produced secondary gamma ray energy deposition in a homogeneous
medium of air (p = 1.225X10-3g/cm3) and describes a computer procedure
(RENDER) which was developed to utilize the parametric data when computing
the time and spatial distributions of the energy deposition in air for aniso-

tropic nuclear sources.
"

\\\\;>This volume presents calculated time integrated energy deposition
data for line beam gamma-ray and neutron sources emitting radiation in the
source energy intervals listed in Table I. The radial and pclar angle in-
tervals used in storing the energy deposition data are given in Table II.
The geometry used in the energy deposition calculation is shown in Fig. 1.
The source radiation (neutron or gamma ray) is emitted from the source
point in the 41{59;103,9 = ¢°. 'Tpe energy deposition was determined for
regions formed by the intersection of the conical surfaces generated by
the revolution of the radii R and R, inclined at polar angles Qi;i'and

Sui -l Shlt i.. swb ¢ -
©,, respectively about éhe source axis andgfhe spherical surfaces formed by

b

the revolution of the radii R1 , and R1 about the source point.
| | =4 -

Sulolt -
The calculational methods used to compute energy deposition data

in air for line beam nuclear sources are described in Vol. I of this report.

The time integrated energy deposition data for line-beam sources as ‘\\\
a function of radial distance, deposition polar-angle interval and source- '
energy interval have been curve fitted by a least squares method with the

use of the equation

“"viy‘g) -e 1k ij 1,k 4,k Y




TABLE I. SOURCE ENERGY INTERVAL BOUNDS USED FOR NEUTRON AND .
PRIMARY GAMMA-RAY PROBLEMS

Neutron Source Primary Gamma-Ray
Energy Intervals (MeV) Energy Intervals (MeV)
0.001 - 0.00335 9.0 - 10.0
0.00335 - 0.0912 8.0 - 9.0
0.0912 - 0.0248 7.0 - 8.0
0.0248 - 0.0676 6.0 - 7.0
0.0676 - 0.184 5.0 - 6.0
0.184 - 0.303 4.0 - 5.0
0.303 - 0.50 3.0 - 4.0

0.50 - 0.823 2.0 - 3.0
0.823 - 1.353 1.0 - 2.0
1.353 - 1.738 0.5 - 1.0
1.738 - 2.232 0.1 - 0.5
2.232 - 2.865 0.01 - 0.1

2.865 - 3.680
"3.680 - 6.070
6.070 - 7.790

7.790 - 10.0
10.0 - 12.0
12.0 - 13.5
13.5 - 15.0
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TABLE II. RADIAL AND ANGLE INTERVALS USED TO DEFINE
DEPOSITION GEOMETRY

Radial Interval Polar Angle Interval
(m) (degrees)
0- 10 0o- 1
10 - 20 s TR
20 - 40 2 =33
40 - 60 3~ 5
60 - 80 5l 7
80 - 100 7~ 10
100 - 125 10 ~ 15
125 - 150 15 -~ 20
150 - 175 20 - 30
175 - 200 30 - 40
200 - 250 40 -~ 50
250 - 300 50 - 60
300 - 350 60 ~ 70
350 - 400 70 - 80
400 - 450 80 - 90
450 - 500 90 - 100
500 - 600 100 - 120
600 - 800 120 - 140
800 - 1000 140 - 160
1000 - 1200 160 - 180
1200 - 1500
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DIRECTION OF LINE
BEAM SOURCE
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Fig. 1. Energy Deposition Geometry for Line Beam Sources
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where i1 and k are indices denoting the deposition polar angle interval

and source energy interval and

g 1/3
3 [2 “3 * Ry

for Rj-l and Rj being the lower and upper bounds of the jth radial interval.
Tables III, IV, and V list the parameters A, B and C and the coefficient of
determination rz as a function of the deposition polar angle and source
energy intervals. Values of Rz close to 1.00 indicate the goodness of the
fit to the DEPO-calculated energy deposition data. The energy deposition,
ED(Oi, 50 Ek) is 1n units of keV m 3/keV of source energy for gamma-ray
sources and keV m /source neutron for neutron and neutron-generated second-

ary gamma-ray sources.

The time integrated energy deposition data given in Tables III, IV,
and V can be converted to air-kerma rate (exposure rate in air, p = 1.225X10
s/cm3) by multiplying the energy deposition data with one of the following

factors:
Source Kerma Factor
Gsmma Rays % 7oeno Sl
Neutrons 6.708!10
Secondary Gamma Rays 6.708!10-11

The units of the resulting air-kerma rate is rad hr-lloource particle sec-l
and Eo is the average source energy within the source energy interval.




CURVE FIT COEFFICIENTS FOR ENERGY DEPOSITION
VS RANGE BY LINE BEAM GAMMA RAY SOURCES

TABLE III.

/keV of source energy)

=3

Energy Deposition (keV m
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. TABLE III.; (Continued)
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CURVE FIT COEFFICIENTS FOR ENERGY DEPOSITION

VS RANGE BY LINE BEAM NEUTRON SOURCES

TABLE 1IV.

Energy Deposition (keV -3/lourc¢ neutron)
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TABLE 1V.

SOURCE ENERGY 1.00€ 01

Energy Deposition (keV » /source neutron)
A
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(continued)

TABLE 1V,

Energy Deposition (keV m-alsoutce neutron)
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TABLE IV.| (continued)

Energy Deposition (keV 0.3/sourca neutron)
SOURCE ENERGY
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TABLE IV.; (continued)
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. TABLE IV.| (continued)
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TABLE IV.| (continued)
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(continued)

TABLE 1V.|

/source neutron)

-3

Energy Denosition (keV m
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RAY ENERGY DEPOSITION

TABLE V.| CURVE FIT COEFFICIENTS FOR SECONDARY GAMMA-
VS RANGE BY LINE BEAM{NEUTRON SOURCES

Energy Deposition (keV m—3/source neutron)
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' TABLE V., (Continued)
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TABLE V.| (Continued)
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TABLE V.| (Continued)
1,74 00 - 2.23E 00

Energy Deposition (keV n-3/source neutron)
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" TABLE V.| (Continued)

Energy Deposition (keV n-3/aource neutron)

SOURCE ENERGY
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TABLE V. (Continued)

A

SOURCE ENERGY
COEFFICIENT

Energy Deposition (keV m >/source neutron)
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